In 32 patients with congenital ventricular septal defect and 5 patients with acquired ventricular septal defect from infarction and perforation of the interventricular septum, the jugular venous blood flow velocity was recorded transcutaneously using a directional Doppler velocimeter. In all cases characteristic anomalies of the blood flow pattern were noted. A pathophysiological interpretation of these anomalies is proposed invoking a functional disorder in the behaviour of the tricuspid valve. This explanation is supported by data from 6 patients in whom direct measurements of the bloodflow velocity pattern through the septal defects were made at operation.
In 32 patients with congenital ventricular septal defect and 5 patients with acquired ventricular septal defect from infarction and perforation of the interventricular septum, the jugular venous blood flow velocity was recorded transcutaneously using a directional Doppler velocimeter. In all cases characteristic anomalies of the blood flow pattern were noted. A pathophysiological interpretation of these anomalies is proposed invoking a functional disorder in the behaviour of the tricuspid valve. This explanation is supported by data from 6 patients in whom direct measurements of the bloodflow velocity pattern through the septal defects were made at operation.
Specific patterns of thejugular venous flow velocity could be related to the type of ventricular septal defect, classified according to the amount of shunt flow and the degree of pulmonary hypertension.
It is concluded that the transcutaneous Doppler technique provides a new non-invasive method of establishing the diagnosis of ventricular septal defect and of grading the shunt size and degree of pulmonary hypertension.
In most instances, the diagnosis of congenital ventricular septal defect is a result of clinical acumen; however, dye dilution technique or cardiac catheterization is often required to confirm the diagnosis, to rule out an associated defect, and to evaluate the size of the shunt. For many years the need has been felt for a non-invasive method to obtain these results. This particularly applies to acquired ventricular septal defect from perforation of the interventricular septum caused by myocardial infarction, a situation where the differential diagnosis from mitral insufficiency arising from papillary muscle infarction or ruptured chordae tendineae is often raised and cannot always be made by clinical auscultation of the heart or by phonocardiography, and where cardiac catheterization is not always readily feasible or may be hazardous.
Jugular venous pulse recording seemed promReceived 2I September 1973. ising. Gelfand (I965) described fine undulations between the c and v waves, ascribed to vibrations of the tricuspid leaflet reflected back to the veins, but in two of his cases the shunt occurred between the left ventricle and the right atrium. All other authors, however, agree that the jugular venous pulse tracing is never altered in patients with ventricular septal defect except when there is associated pulmonary arterial hypertension and even then the alterations of the curve are by no means characteristic of the defect (Wood, I950; Hartman, I960; Bory, I966; Colman, I966; Gamboa et al., I965) . It is convenient to recall that in previous publications we reported certain clinical conclusions from recordings of jugular venous flow velocity curves obtained from transcutaneous directional Dopplershifted ultrasound. a) We determined the normal pattern of the curve (Fig. I ) and its physiological interpretation (Fig. 2) (Kalmanson, Veyrat, and Chiche, i968, I97I having a satisfactory linearity, and providing a zero flow velocity with reasonable accuracy, might be used as well. The transducer is placed according to a previously described technique behind the medial end of the clavicle with the patient supine (a posture that deserves to be stressed), his head slightly raised on a pillow and turned slightly to the opposite side to the transducer (Kalmanson et al., I968). The recordings were made with normal quiet respiration and with sustained expiration, and inscribed using a Mingograf 8 I seven-channel or T34 fourchannel direct inkwriting recorder, simultaneously with electrocardiogram lead II and frequency selecting phonocardiogram at the second left intercostal space or at the apex. Chart speed is either 25 or 5o mm/sec; distance between two successive spikes (upper row) equals i sec. The square notches on the records are irrelevant as far as this text is concerned. Whenever possible, respiration was recorded using a mercuryin-rubber strain gauge stretched over the chest wall. Volume of the shunt flow was measured either by means of dye dilution curves (indocyanine green) using the Waters apparatus, or calculated from the oxygen saturation of the blood samples obtained during cardiac catheterization. Pulmonary to systemic flow ratio PF was calculated from the blood oxygen saturation measurements using the following formula PF 02 femoral artery -02 superior vena cava SF 02 femoral artery -02 pulmonary artery A summary of the haemodynamic data is presented in Tables i and 2 Note the characteristic identations on the descending limb of the s wave starting at onset ofexpiration and the occurrence of indentations on the ascending limb during inspiration. Expiration clearly enhances the magnitude and early occurrence of indentations, which are the clue to diagnosis.
The anomalies are always enhanced by expiration: the summit of the s wave occurs earlier, the amplitude of the wave is still smaller, the indentations are more conspicuous. During inspiration the descending limb of the s wave may appear normal in shape and timing, but the ascending limb is then slanted and in turn shows irregular indentations (Fig. 4) .
Group 2B This group comprised patients with a large shunt with high pulmonary arterial pressure (Fig. 6, 7 , and io). The anomalies of the curve are similar, but in addition the a wave is usually conspicuously deeper, the overall amplitude of the s wave decreased, and the indentations occur earlier. Group I: maladie de Roger (see Fig. 8 ) During inspiration the anomalies of the s wave are usually imperceptible, but the peak of the s wave may be a little premature and the indentations of the descending limb, if present, are very small. However, the typical pattern is elicited during expiration.
Group 3 In this group there is a small shunt and severe pulmonary arterial hypertension ( Fig. 9 and  io) . If the shunt is still significant, the pattern is similar to that of Group 2B, but the s wave is almost lost. The a wave is very deep. If the shunt is not significant, the typical pattern is replaced by a high s wave which is conspicuously delayed. Group 4 and Fallot's tetralogy (Fig. II, I2 , and I3). In both cases, during expiration the typical pattern is elicited; but during inspiration, the peak of the s wave is delayed.
Patients with perforation of interventricular septum The same patterns, as noted in congenital defects, were found in all 5 cases with the same variations induced by respiration ( Fig. 14 and Is).
Patients with right heart diseases and without ventricular septal defects Detailed reports have been published on the anomalies of the jugular venous flow patterns which we have found in patients with right heart disease (Kalmanson et al., 1972b) . In none of the control group of patients with right heart disease did we find jugular venous flow curves similar throughout the respiratory cycle to the curves recorded from the patients with ventricular septal defects, described above, though simi- Fig. i6 to i8 the main patterns encountered. As a convention, positive deflection represents a flow velocity of a left-toright shunt and negative deflection that of a right-toleft one. Fig. i6 shows a large positive wave, starting in early systole, presenting a maximum in mid or late systole, followed by a second maximum in early diastole. Fig. i8 discloses also a large, positive, mainly systolic wave, overlapping early diastole, and a smaller end-diastolic positive wave. In very early systole a minute negative wave may appear, synchronized with the first heart sound (Fig. I7 ).
Comments and discussion Interpretation of jugular venous flow curves I Normals subjects Previous studies of the normal pattern of the jugular venous flow velocity curve recorded by the Doppler technique (Kalmanson et al., I97I) as well as of the normal vena caval blood flow velocity recorded using the bristle flowmeter in dogs (Brecher, I956) have led to the conclusion that the systolic acceleration of blood flow into the right atrium (represented by the s wave) originated from both atrial relaxation and downward displacement of the closed tricuspid floor occurring simultaneously.
2) Patients with ventricular septal defect In all cases, a constantly or intermittently premature occurrence of the peak of the s wave, followed by an irregular plateau or by a slanted, saw-tooth descending limb was found, indicating that the systolic inflow into the right atrium was slowed down prematurely and that this slowing down proceeded during late systole until the beginning of diastole.
These alterations of the jugular venous flow curve are subject to respiratory variations: they are enhanced, and sometimes elicited only by light or deep expiration. They may disappear during inspiration. This is particularly the case in patients with a small perforation of the interventricular septum caused by myocardial infarction. It seems reasonable to assume that these effects of slowing down of blood flow are related to, and probably provoked by, a haemodynamic disturbance occurring in the right ventricle produced by the shunt from the left ventricle and transmitted through the closed tricuspid floor into the right atrium.
The finding that in 37 cases of confirmed congenital or acquired ventricular septal defect, the jugular venous flow curve consistently showed these characteristic anomalies proves that this technique provides a non-invasive diagnostic method for ventricular septal defect. Furthermore, our findings suggest the following pathophysiological explanation. A pathophysiological explanation: tricuspid dysfunction concept The normal systolic jugular venous flow pattern is dependent on two factors. In patients with isolated ventricular septal defect and normal atrial relaxation, the only other remaning factor playing a role in determiniing the systolic pattern is necessarily the downward displacement of the closed tricuspid floor. Consequently, if this 2 pattern tums out to be consistently altered, its modifications, therefore, must be produced by an anomaly of valve displacement. Indeed, in a previous study of 75 patients with isolated right ventricular diseases in whom an organic, anatomical, alteration of the tricuspid valve and of the right atrium was ruled out, anomalous patterns of the systolic wave of the jugular venous flow curve were consistently elicited (Kalmanson et al., 1972d) . These findings suggested that only severe downward displacement of an otherwise anatomically sound tricuspid valve could explain the occurrence of such alterations of systolic venous return pattern. For this functionally anomalous displacement of the tricuspid floor, we suggested the term 'tricuspid dysfunction' (Fig. I9) .
In the particular case of ventricular septal defect, it might be suggested that the shunting flow into the right ventricle, which occurs mainly during systole, opposes the normal descent of the tricuspid floor from early or mid-systole to end-systole. This slowing down of the normal descent in turn would influence the filling of the right atrium, and subsequently the systolic caval flow towards the heart, which becomes slowed down during the same period. Furthermore, the indentations of the descending limb of the s wave might well be explained by the vibrations of the tricuspid leaflet provoked by the shunting jet and transmitted to the veins, as suggested by Gelfand for the jugular venous pulse tracing. In addition, in some cases, the shunt occurred through the interspace between the anterior and septal leaflets of the tricuspid valve, a finding that was proved at operation and provides an alternative -but only occasional -explanation of the jugular venous flow anomalies.
Respiratory variations of jugular venous flow anomalies Expiration simultaneously decreases systemic venous return (Brecher, 1956 ) (and right ventricular filling) and increases pulmonary venous return (and left ventricular filing). It therefore decreases the left-to-right shunt. Inspiration produces the reverse effects. Furthermore, inspiration also increases pulmonary arterial flow. These physiological effects explain i) why the ventricular septal defect pattern of the jugular venous flow curve is enhanced during expiration, and conversely why it may be normal during inspiration; ii) why inspiration, which increases pulmonary arterial flow, may create a functional pulmonary stenosis and make the characteristic indentations of the latter appear on Apart from a minute right-to-left shunt in very early systole in some patients, the shunt occurs from left to right throughout systole, either overlapping early diastole, or continuing throughout diastole. Whichever pattern is present, the shunt is maximum during mid-and end-systole, and may have secondary maxima during early diastole and/or atrial contraction.
These findings may be surprising at first sight, on account of the well-known pansystolic (and only systolic) phonocardiographic tming of the ventricular septal defect murmur (Feruglio and Gunton, I960; Hollman et al., I963; Deuchar, I964; Fenig et al., I965; Luisada, I965; Fishleder, I966) .
It is noteworthy that associated diastolic murmurs have been ascribed to associated pulmonary or aortic regurgitation to persistent ductus arteriosus or to increased mitral flow, but save for Wood, Magidson, and Wilson (I954) , never to a prolongation of the shunt during diastole.
Our findings, however, are in general agreement with those of Gamble and co-workers (I965), as well as with those of Mesel (I967).
Gamble, using a fibre-optics cardiac catheter, recorded an increase in oxygen saturation in the right ventricle mainly during systole, but also in early diastole, as well as during atrial contraction, depending on the pulmonary/systemic flow ratio and size of the defect. Mesel, using an electromagnetic cuff flowmeter probe surgically implanted around a hole made in the interventricular septum of dogs also noted that a substantial part (one-third to one-fourth) of the total shunt flow occurred during early and mid-diastole. B) Jugular venous versus ventricular septal defect shunt flow velocity patterns a) During systole: the main anomalies of the jugular venous flow curves (indentations and decreased amplitude of the descending limb of the s wave) occur during mid and end-systole, i.e. at the period of maximum amplitude of velocity of the shunt. This timing supports the proposed hypothesis of a functional disturbance in behaviour of the tricuspid valve. b) During diastole: no clear-cut correlation can be displayed since the jugular venous flow curve is, in most instances, normal. However, it should be pointed out that the diastolic shunt flow velocity waves are either of very short duration (Fig. I6) (Fig. 5) . Group 2B An overall decreased amplitude of the s wave was the common pattern of patients with large shunt flow and right ventricular pressure more than 70 per cent of aortic pressure. In 6 of 7 of these patients a conspicuously deep a wave was also elicited (Fig. io) 
